October 1997 the first measurements of 7Be ever made within the Arctic Ocean were used to reconstruct the evolution of the mixed layer over the previous season and confirmed that the reservoir of heat beneath the fall mixed layer was emplaced in the summer, rather than input cumulatively over several seasons or advected in from distant sources. As suggested by McPhee et al. [1998], several times as much heat was emplaced at SHEBA than at Arctic Ice Dynamics Joint Experiment 20 years earlier. A likely mechanism for this would be substantially greater lead opening coupled with the positive feedback loop between increased open water, increased heat absorption, and further ice melting. In addition, a rate of net primary production >_ 13 gC m -2 for the preceding spring-summer period was derived using this mixed layer history with an oxygen profile from the fall. 0148-0227/00/1999JC900311509.00 SHEBA mixed layer was the result of cumulative input over several summers or was advected in from elsewhere. Basically, the observations at SHEBA during the fall of 1997 offered only a "snapshot" of the system because no observations were made during the preceding summer. It is therefore difficult to reconstruct the mixed layer evolution and heating history of this site prior to the initial SHEBA occupation.
Introduction
One of the important considerations in the summer surface energy balance of the Arctic Ocean is the fate of the energy input (mostly shortwave radiation) in the heterogeneous iceocean system during the melt season. Downwelling solar radiation through leads is the primary source for the direct heating of the ocean, but the fate of the solar energy absorbed through the leads is not well understood [Rind et al., 1995] . It is not known for example, the extent to which this heat laterally melts the ice in contact with the leads, is conveyed to depth and melts the ice from below, or is transported away from the ice. The fate of the heat has direct consequence therefore upon the persistence of the ice cover and the associated summertime 0148-0227/00/1999JC900311509.00 SHEBA mixed layer was the result of cumulative input over several summers or was advected in from elsewhere. Basically, the observations at SHEBA during the fall of 1997 offered only a "snapshot" of the system because no observations were made during the preceding summer. It is therefore difficult to reconstruct the mixed layer evolution and heating history of this site prior to the initial SHEBA occupation.
To address this question, the heat exchange between the leads and underlying mixed layer of the SHEBA site is evaluated here using a naturally occurring radioactive tracer, 7Be.
Beryllium 7 is a cosmic ray-produced species that is delivered to the Earth's surface and, as such, is a form of proxy for incoming solar radiation. Because of its 53.3 day half life, it is an ideal tracer of water that has been in contact with the sea surface over the past season [Kadko and Olson, 1996] . Profiles of 7Be measured in the fall provide an integration of the mixed layer behavior over the previous summer and can offer insight into the mixed layer evolution and heating history.
Background
Beryllium 7 is a cosmic ray-produced radioactive nuclide with a radioactive mean life of 76.9 days (the mean life is defined as the 1/e decay level or half life/0.693) and, as such, is well suited for studying seasonal phenomenon. Beryllium 7 is deposited upon the Earth's surface by precipitation and is homogenized within the surface mixed layer of the ocean rapidly with respect to its decay rate [e.g., Silker, 1972 7Be input, the activity is concentrated in shallow mixed layers and diluted in deeper mixed layers. As will be described below, water in contact with the ocean surface is "tagged" with 7Be, and profiles of this isotope provide a record of the seasonal changes in the mixed layer depth. 
[(XCT)/[1 -exp (-XCT)]][exp (XD)/(CE. FE ß PE)],
where CT is the counting time, CE is the counting efficiency of the 478 keV gamma, FE is the fiber (or precipitation) efficiency, and PE is the photon emission fraction (0.104) for 7Be.
Results and Discussion
The typical temperature and salinity profile from SHEBA in October 1997 is shown in Figure 2 . The mixed layer extended to •30 m depth, below which was found a layer •0.5øC warmer than the mixed layer. McPhee et al. [1998] note that this layer is appreciably warmer than a similar layer measured during AIDJEX in 1975. The salinity of the mixed layer in SHEBA is also considerably freshet than that of AIDJEX. The ?Be measurements in October 1997 are presented in Table 1 and displayed with the •T (temperature above freezing) profile in Figure allow phytoplankton activity. Second, while the initial oxygen content is not known and an absolute 02 utilization rate cannot be determined, the persistence of the oxygen peak well into October suggests that the bacterial respiration rate is low. As discussed below, the data and model presented here allow some estimate of primary production for the summer of 1997 to be determined.
The flux determinations are presented in Table 2 . For 1997, if it is assumed that by October 13 snow had been accumulating for 3 weeks at the SHEBA site, then the flux determined by the snow inventory agrees with two out of the three bucket deployments at that time. The average for these measurements is Monthly profiles of ?Be activity are generated as the mixed layer shoals, leaving water beneath the mixed layer that is isolated from the atmospheric input I, which is chosen to be constant in this example. The ?Be activity in the shoaling mixed layer increases, while the ?Be isolated at depth decays radioactively, which produces the observed profiles (Figure 4b ). In the Arctic, in late Spring and Summer, the mixed layer will shoal as a result of heat and fresh melt water input until cooling recommences and deepening occurs.
As the mixed layer once again deepens (Figure 4c) , the mixed layer ?Be concentration decreases because of dilution, and the upper thermocline activity is truncated. This is because the ?Be deposited much earlier in the year has now decayed away. This is what was expected at SHEBA in October 1997, at which time the leads and melt ponds were frozen and mixed layer deepening had begun. In the modeling shown below the temperature maximum is similarly formed, i.e., as a consequence of meltwater capping and represents a residual mixed layer. However, it is shown that the bT maximum likely corresponds to the temperature to which the mixed layer was heated by mid-July (as opposed to the solstice) and marks the depth of the mixed layer at that time.
In this work the basic model of Kadko and Olson [1996] is modified for the SHEBA site. The parameters used for the
The parameters used in the temperature evolution model are shown in Figure 8 . The model is the same as that used for 7Be except that there is no radioactive decay term and it uses the mixed layer evolution derived from the 7Be distribution (compare Figures 5 and 8 
Modeling the Evolution of Mixed Layer Oxygen and Implications for Primary Production
By analogy with the temperature profile the peak in oxygen measured in October 1997 is remnant of spring-summer production, while the water above it has subsequently degassed during mixed layer deepening. Neglecting for the moment loss effects through respiration, the upper 50 or so meters must have been at least 0.5 mL L -• or 35 g m -2 above saturation. This is of the order of 13 gC m -2 net production but likely represents a minimum because (1) if this production commenced in June, then the water column started out below saturation as a result of respiration during the dark season, (2) 02 is lost through gas exchange, and (3) respiration occurred subsequent to the summer. The 1998 spring-summer observations at SHEBA are consistent with this estimate. Although direct comparison may not be possible because the SHEBA site had drifted far west from the October 1997 location (Figure 2) , the June-July net production of oxygen suggested a net community primary production of --•17 gC m -2 (B. Sherr, personal communication, 1998).
Conclusions
This paper reports the first measurements of 7Be ever made within the Arctic Ocean. The profile from October 1997 was used to reconstruct the evolution of the mixed layer over the 
